The reaction of N-(2-phthalimidoethyl)-N-alkylisopropylamines and S 2 Cl 2 gave 4-N- (2-phthalimidoethyl)-N-alkylamino-5-chloro-1,2-dithiol-3-thiones that quantitatively cycloadded to dimethyl or diethyl acetylenedicarboxylate to give stable thioacid chlorides, which in turn reacted with one equivalent of aniline or a thiole to give thioanilides or a dithioester.
dithiole ring in the dithiafulvene derivatives, thus breaking the sulfur-sulfur hypervalent bond that is always found in this kind of compounds.
INTRODUCTION:
3H-1,2-Dithiole-3-thione and its derivatives (dithiolethiones) 1 have been the subject of intense research due to their physiological effects as potent cancer-preventive and anticancer agents, because they are inducers of cytoprotective phase 2 enzymes, 2 and are currently used as hepatoprotective agents in clinical trials. 3 Most recently they have been studied as hydrogen sulfide-releasing drugs with high therapeutic potential in the H 2 S signaling system for relevant research areas such as cardiovascular and gastrointestinal systems, immunology and cancer biology, 4 and in the control of oxidative posttranslational cysteine modifications with medical applications. 5 Instead the 1,3-dithiol-2-ylidene derivatives (dithiafulvenes) 6 are important donor units in electronic materials and molecular devices such as organic superconductors, 7 push-pull chromophores, 8 switchable organic materials, 9 and receptors. 10 Apart from classical methods 11 for the preparation of 1,3-dithiole derivatives, the 1,3-dipolar cycloadditions of 1,2-dithiole-3-thiones and activated triple bonds permits multiple cycloadditions in one pot, therefore giving rise to complex derivatives by very short reaction pathways. 12 With the aim to prepare new derivatives for anticancer screening schemes, 13 we revisited an old reaction that was useful for that purpose. As in the previous case, some starting materials and some reaction products obtained from the reported sequence showed an intriguing dynamical behavior by either 1 H or 13 C NMR that, despite the increasing complexity, could be studied by a combination of experimental and computational methods. Dynamic NMR studies are common tools for the elucidation of inversion-rotation barriers in stereodynamics of hindered heterocyclic systems, 14 rotation barriers in orthodisubstituted biaryls 15 and molecular rotors. 16 
Studies involving polysulfur heterocyclic
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The Journal of Organic Chemistry   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 compounds are much more scarce, 17 therefore new findings in this field are of great interest. In this paper we now report the synthesis and the dynamic NMR study of some new 1,4-dithiafulvene 2-(N,N-dialkylamino)thioacetanilides and their starting materials, supported by DFT calculations and X-ray diffraction analysis of structures of key compounds.
RESULTS AND DISCUSSION:
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6c-d
The dynamic behavior observed for compound 6a has been studied by using DFT methods, as a model for all the series. The observed dynamic behavior in solution could be explained by rotations of the groups bonded to the central amine nitrogen atom such as the isopropyl group. In compound 6a, the observed experimental dynamic process has a barrier of 14.85 kcal·mol -1 . In the theoretical study of the rotation of the isopropyl group we have found several stationary points corresponding to five minima and five transition states connecting the minima. The calculated difference of energy between the global minimum and the highest transition state in gas phase is , which is in also good agreement with the experimental value. The absolute minimum found in the optimization of the model 6a displays a torsional angle between the axes of the bonds C-S (see This absolute minimum 6a displays a distance of 1.999 Å between the hydrogen atom of the thioamide group and the amine nitrogen atom. This distance is in the range of the hydrogen bond interactions and it can be classified as a moderate-weak hydrogen bond. 21 We noticed that in all structures, except rot1 and TS1, the addition of the angles around the amine nitrogen atom is very near to 360, indicating a flat geometry in this atom. The pyramidalization observed in the rotamer rot1 can be understood by considering the intramolecular hydrogen bond that appears to be the only reason of the difference with the other rotamers. The flat geometry observed in the other structures could be reasonable considering the big size of the substituents bonded to the nitrogen atom. The angles around the anime nitrogen atom found in the calculated structures of the rotation of the thiocarboxamide fragment in the compound 6a are summarized in page S71 of the Supporting Information. A study of the difference on energies between the ground state, rot1, and the highest transition state in 6a, TS2, when this difference has been calculated at different 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 In order to compare the stereodynamic behavior observed for 6a-d with structural features of similar compounds we tried for several times to crystallize related compounds to 6a-d that could afford clues about the feasibility of the rotation of the thioamide bond. After several trials we got crystals suitable for X-ray diffraction of a related compound 7, prepared 13 by reaction of 4b and pyrrolidine 5c (Scheme 2). Compound 7 did not showed diastereomeric preferred conformations of the isopropyl signals when studied by dynamic NMR at low temperature so we could only compare experimental results from NMR dynamic behavior and the solid state structure.
Scheme 2. Synthesis of a pyrrolidinyl thioamide derivative 7 for X-ray diffraction.
The X-ray diffraction structure of compound 7 showed three different structural conformations of the same molecule in the crystal, showing also molecular disorder in the peripheral ethyl ester groups. Figure 7 shows the three crystallographic independent molecules as they were obtained as part of the same unit cell by single crystal X-ray diffraction structure of compound 7.
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In the three experimental structures 7a-c the nitrogen atom displays a pyramidal geometry.
Nevertheless, in the most stable theoretically calculated structure 7, rot1, showing a very similar arrangement for the sulfur atoms of the dithiafulvalene and the thioamide groups, the amine nitrogen atom displays an almost planar geometry. As in the case of compound 6a, this flat geometry can be well understood in terms of steric hindrance of the substituents bonded to the nitrogen atom for the calculated geometry of the isolated molecule (gas phase). The pyramidal geometry found in the experimental structure could be due to packing interactions in the solid state that are not present in the gas phase. The values of the angles surrounding the amine nitrogen atom along with the same values found in the two theoretically calculated rotamers for compound 7 are displayed in page S107 of the Supporting Information. Therefore, for compounds 6a and 7 the big steric hindrance of the substituents of the amine nitrogen favors the planar geometry of the amine.
Nevertheless, the pyramidal geometry has to be very easily accessible (low energy process) with the help of an intramolecular hydrogen bond (6a) or packing reticular interactions (7). This low energy process does not affect to the overall energy of the hypervalent sulfur-sulfur interaction.
The only structural difference between 6a-d and 7 is the presence of a more rigid tertiary thioamide in 7 and a more flexible thioanilide or dithioester in 6a-d. The thioanilide group favors 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 the presence of a hydrogen bond between the hydrogen atom of the thioamide and the amine nitrogen atom, which contributes to the stability of the S-S bonding interaction. carbonyl, 27 or imine derivatives 28 were always planar, despite a high steric hindering of the groups. 27g-i Therefore a combination of steric hindering of the crowded substitution at the central amine group, as well as electronic effects from the push-pull electronic delocalization, in addition of the conjugation due to the thioamide group and the presence of a hydrogen bond, seem to be the cause of the weak or absent S···S hypervalent interaction. Such structural motif can be of interest for pharmacological as well as materials design, therefore a closer inspection of the electronic structure by using the Natural Bond Orbital population approach (NBO) analyses for the models 6a_rot1 and 7_rot2 (the most stable conformer of 6a and planar conformer of 7 respectively) were performed for the evaluation of the electronic delocalization. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60
(C-C)  *(C-S).
In this second delocalization the computed E (2) interaction value was 19.0 kcal/mol. The combination of these two delocalization events was in good agreement with the resonance structures I and II shown in scheme 3 and both structures accounted for the planar geometry found in this structure. In addition, the atomic charges obtained by using the natural population analysis (NPA) approach revealed a positive charge +0.34 located at the sulfur atom S(34) and a negative charge -0.15 located at the tioamide sulfur atom S(39), in good agreement with the resonance structure II of scheme 3. These opposite charges reinforced the hypervalent interaction through electrostatic attraction. Interestingly, for conformer 7_rot2 none of these delocalizing interactions could be found, leaving the bond C(32)-C(38) as a single bond with freedom of rotation to adopt the geometry experimentally found.
Scheme 3. Labeling of the atoms used for the NBO analyses for the models 6a_rot1 and 7_rot2
To validate the suitability of our DFT calculations, we applied the same methodology to the dynamic behaviour of previously studied compound 2a, whose dynamic behavior was already studied using a semiempirical level of theory, 13 and the similar compound 2b by the same type of calculations using DFT methods. As we previously noticed, the observed dynamic behavior for 2a in solution could be explained by a rotation around the C-N bond connecting the amine nitrogen atom with the 1,2-dithiol group. In this rotation we have now found several stationary points 
CONCLUSIONS:
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Crystal Structure Determination for Compounds 2a and 7.
A suitable crystal was mounted on a glass fibre. X-ray measurements were made using a CCD area-detector diffractometer with Mo-K  radiation ( = 0.71073 Å).
35
Intensities were integrated 36 from several series of exposures, each exposure covering 0.3° in , and the total data set being a sphere. Absorption corrections were applied, based on multiple and symmetry-equivalent measurements.
37
The structure was solved by direct methods and refined by least squares on weighted F 2 values for all reflections.
38
All non-hydrogen atoms were assigned anisotropic displacement parameters and refined without positional constraints, except for compound 7 in which all fragments C-O-CH 2 -CH 3 were refined with positional restraints. All hydrogen atoms were constrained to ideal geometries and refined with fixed isotropic displacement parameters. Complex neutral-atom scattering factors were used. 
39

Synthesis of 5-chloro-1,2-dithiole-3-thiones. N-[(2-diisopropylamino)ethyl]phthalimide 1a and
N-[2-(N´-isopropyl-N´-2,2-dimethylpropylamino)ethyl]phthalimide 1b were prepared as
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